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We present a novel Affleck-Dine scenario for the generation of the observed baryon asymmetry of
the Universe based on the non-trivial interplay between quintessential inflationary models contain-
ing a kinetic dominated post-inflationary era and a non-minimally coupled U(1) field with a weakly
broken B −L symmetry. The non-minimal coupling to gravity renders heavy the Affleck-Dine field
during inflation and avoids the generation of isocurvature fluctuations. During the subsequent ki-
netic era the Ricci scalar changes sign and the effective mass term of the Affleck-Dine field becomes
tachyonic. This allows the field to dynamically acquire a large expectation value. The symmetry
of the Affleck-Dine potential is automatically restored at the onset of radiation domination, when
the Ricci scalar approximately equals zero. This inverse phase transition results in the coherent
oscillation of the scalar field around the origin of its effective potential. The rotation of the dis-
placed Affleck-Dine field in the complex plane generates a non-zero B−L asymmetry which can be
eventually converted into a baryon asymmetry via the usual transfer mechanisms.
I. INTRODUCTION
One of the open issues in modern particle physics and
cosmology is the origin of the observed matter-antimatter
asymmetry of the Universe at temperatures below the
MeV scale. This asymmetry is traditionally quantified in
terms of the so-called baryon-to-entropy ratio [1]
YB ≡ nB
s
= (0.861± 0.008)× 10−10 , (1.1)
with nB ≡ nb − nb¯, nb(b¯) the number density of
(anti)baryons and s the entropy density. The exponen-
tial dilution during inflation of any initial baryon asym-
metry calls for a dynamical generation of the ratio YB at
some point between the end of inflation and big bang nu-
cleosynthesis. Although the Standard Model of particle
physics has in principle all the ingredients for generating
a baryonic asymmetry during the electroweak phase tran-
sition [2], it cannot produce a sufficiently large baryon-to-
entropy ratio [3–7]. It seems therefore likely that the gen-
eration of this quantity is associated to some new physics
beyond the Standard Model. Among the different baryo-
genesis mechanisms proposed in the literature [8–13], the
Affleck-Dine (AD) scenario [14, 15] is particularly inter-
esting, since it can be easily implemented in many beyond
the Standard Model extensions involving coherent scalar
fields.
The AD mechanism was initially formulated in the con-
text of supersymmetric field theories [14, 15]. One of the
key ingredients of this proposal is a complex scalar field χ
charged under a weakly broken U(1)B−L symmetry and
displaying a sufficiently large (coherent) vacuum expec-
tation value at early times. In the conventional scenario,
the initial displacement of the field is generated by a
negative Hubble-induced mass term −cH2χ†χ, typically
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associated with supergravity effects and present dur-
ing both the inflationary and radiation-dominated eras.
This tachyonic mass term leads to spontaneous symme-
try breaking and the associated appearance of a Gold-
stone mode. If not suppressed, the fluctuations of this
massless degree of freedom during inflation might pro-
duce isocurvature fluctuations, posing a challenge to the
implementation of the Affleck-Dine mechanism within
large-field inflationary scenarios [16–18]. The expansion
of the Universe after inflation leads to the evanescence of
the Hubble-induced mass term −cH2χ†χ, which even-
tually becomes comparable to the soft/bare mass of the
AD field. When that happens, the radial component of
the AD field starts oscillating around the origin of its
effective potential and its phase acquires a non-trivial
dynamics. The dependence of the B − L charge density
on the phase velocity translates into the generation of
a net B − L asymmetry, which is eventually converted
into a baryon asymmetry. Several variations of the AD
mechanism have been proposed in the literature [19–22].
In this paper, we put forward a novel AD sce-
nario based on the interplay between non-oscillatory
quintessential inflationary models and a non-minimally
coupled AD field with a weakly broken U(1)B−L symme-
try. In contrast with the standard AD mechanism, the
non-minimal coupling to gravity renders heavy the AD
field during the inflationary epoch and confines it to the
origin of its effective potential. This prevents the gener-
ation of sizable isocurvature perturbations. A non-zero
expectation value for the AD field is only generated after
the end of inflation, where the absence of a potential min-
imum for the inflaton field leads to a kinetic dominated
expansion with negative Ricci curvature. The change of
sign of the scalar curvature translates into the appearance
of a negative Hubble-induced mass for the non-minimally
coupled AD field, which evolves towards a large expec-
tation value. At the onset of the hot Big Bang era the
Ricci scalar vanishes and the non-minimal coupling to
gravity effectively disappears. When that happens, the
origin of the AD potential becomes again the true mini-
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2mum and the AD field eventually starts spiraling in the
complex plane, creating a non-zero B−L charge density.
The subsequent evolution of this quantity and its even-
tual transfer to the Standard Model particles depends on
the particular embedding of the AD field on beyond the
Standard Model scenarios.
This paper is organized as follows. In Section II
we review the quintessential inflationary paradigm with
special emphasis on the behavior of the Ricci scalar
during the different cosmological epochs. The effect
of quintessential inflation on the evolution of a non-
minimally coupled AD field is discussed in Section III.
Section IV contains estimates for the generated B − L
charge density as a function of the model parameters. In
Section V we draw our conclusions.
II. QUINTESSENTIAL INFLATION
Quintessential inflation employs a single degree of free-
dom to provide a unified description of inflation and
dark energy [23–30]. The simplest realizations of this
paradigm make use of a canonical scalar field φ with La-
grangian density
L√−g =
M2P
2
R− 1
2
∂µφ∂
µφ− U(φ) , (2.1)
where MP = (8piG)
−1/2 is the reduced Planck mass
and R is the Ricci scalar. We will refer to this infla-
ton/quintessence field as cosmon [31]. The cosmon po-
tential U(φ) is taken to be a non-oscillatory or runaway
potential, like the one typically appearing in quintessence
and variable gravity scenarios [26, 30, 32–35]. The scalar
field φ is assumed to be initially displaced at large field
values, allowing for inflation with the usual chaotic ini-
tial conditions. With a canonical kinetic sector,1 a given
model within the quintessential inflationary paradigm is
specified by a choice of the potential. Several forms of
U(φ), varying from polynomial [23] to exponential [24–
26, 28, 30] or hyperbolic potentials [27], have been con-
sidered in the literature. Although different shapes give
rise to different predictions for the inflationary observ-
ables and the dark energy equation-of-state parameter,
the global evolution of the Universe in these models ad-
mits always a universal description in terms of the be-
haviour of the Ricci scalar at the different cosmological
epochs.
For a general Friedmann-Lemaˆıtre-Robertson-Walker
background evolution with constant equation-of-state pa-
rameter w, the Ricci scalar takes the form
R = 3(1− 3w)H2 . (2.2)
1 For implementations involving non-canonical kinetic terms see,
for instance, Refs. [26, 29, 30, 35–38].
During the inflationary stage, the effective equation of
state is very close to that associated to a de Sitter ex-
pansion, w = −1, and R is positive definite,
R = 12H2 . (2.3)
Inflation ends when the slow-roll conditions are violated.
In the absence of a potential minimum the system enters
a kination or deflation period [24] in which the total en-
ergy budget of the Universe is dominated by the kinetic
energy density of the cosmon field. During this regime
the effective equation of state approaches w = 1 and the
Ricci scalar changes sign,
R = −6H2 . (2.4)
The kinetic domination regime has to end before big bang
nucleosynthesis. In order for this to happen, the energy
density of the cosmon must be transmitted to the Stan-
dard Model particles in one way or another. Note, how-
ever, that, contrary to what happens in oscillatory mod-
els of inflation, the decay of the inflaton field does not
need to be complete. Even if the energy density of the
created particles is initially very small, it will eventu-
ally dominate the background evolution due to the rapid
decrease of the cosmon energy density during kination
domination (ρφ ∼ a−6) as compared to the radiation
component (ρR ∼ a−4).
Several heating mechanisms for quintessential infla-
tionary models have been proposed in the literature
[23, 30, 39–45]. The simplest one is based on gravita-
tional particle creation [24, 39, 40]. Non-conformally cou-
pled scalar fields – such as the Higgs field, the cosmon
or those appearing in beyond the Standard Model exten-
sions such a grand unification – are inevitably produced
in an expanding Universe, provided that they are light
enough as compared to the instantaneous Hubble rate.
If allowed to interact after production, these scalars lead
to a thermal bath and the consequent onset of radia-
tion domination. In spite of its simplicity, this gravita-
tional heating mechanism cannot be considered satisfac-
tory, since it typically requires the existence of a large
number of light scalar fields [30], which may lead to dan-
gerous effects such as the generation of large isocurvature
perturbations or the appearance of secondary inflation-
ary periods [41]. These problems can be avoided by in-
troducing direct couplings among the cosmon field and
the matter sector. A highly efficient mechanism within
this category is the so-called instant heating mechanism
[41]. In this scenario, the inflaton field φ is coupled to
some scalar field X, which is itself coupled to fermions
via Yukawa-type interactions. The growth of the masses
of the X particles due to the runaway cosmon field ampli-
fies their energy density and their decay probability into
fermions, leading to an almost instantaneous radiation-
domination onset. Of course, the “instant feeding” of the
created particles is not a necessary condition and slower
heating stages interpolating between gravitational and
instant heating scenarios can be easily constructed [30].
3In order to stay agnostic about the precise entropy cre-
ation process, we will parametrize the particle production
after inflation by a heating efficiency parameter [30]
Θ ≡ ρ
kin
R
ρkinφ
, (2.5)
with ρkinφ and ρ
kin
R denoting the energy density of the
cosmon and the heating products at the onset of ki-
netic domination. We assume for simplicity that en-
tropy production takes place instantaneously at that time
and neglect any subsequent particle creation. The typ-
ical values of Θ per degree of freedom vary between
Θ ∼ 10−27 in gravitational heating scenarios2 [23, 39, 40]
and Θ ∼ O(1) in heating scenarios involving matter fields
[30, 41].3 At the early stages of kinetic domination, the
energy density in radiation is still subdominant and does
not significantly modify the background evolution. We
can take into account the scaling of the different energy
components to compute the ratio ρR/ρφ at any given
time during this period in terms of the heating efficiency
Θ,
ρR(a)
ρφ(a)
= Θ
(
a
akin
)2
. (2.6)
In particular, we can use Eq. (2.6) at the beginning of
radiation domination epoch, where a = arad, ρ
rad
R = ρ
rad
φ
and (
akin
arad
)2
= Θ . (2.7)
The heating efficiency (2.5) can be related to the radia-
tion temperature Trad at a = arad. This temperature is
defined as
Trad ≡
(
30 ρradR
pi2grad∗
)1/4
, (2.8)
with grad∗ the number of relativistic degrees of freedom at
that temperature. Taking into account Eq. (2.7), we can
write
Trad =
(
30 Θ3ρkinφ
pi2grad∗
) 1
4
= Θ
1
2
(
gkin∗
grad∗
) 1
4
Tkin , (2.9)
2 This number assumes a fiducial Hubble rate Hkin ∼ 107 GeV at
the onset of kinetic domination.
3 Note that the heating efficiency cannot be arbitrarily small. The
(integrated) nucleosynthesis constraint on the gravitational wave
density fraction [46] translates into a lower bound [30]
Θ & 10−25
(
Hkin
107 GeV
)2
.
Θ (grad∗ )
1
4 Trad (GeV)
10−9 1.5 × 106 0 < ξ . 0.33
10−8 8.6 × 106 0 < ξ . 0.41
10−7 4.8 × 107 0 < ξ . 0.52
10−6 2.7 × 108 0 < ξ . 0.68
10−5 1.5 × 109 0 < ξ . 0.94
10−4 8.6 × 109 0 < ξ . 1.41
TABLE I. Typical values of the radiation temperature (2.9)
associated to the production of a single degree of freedom
(gkin∗ = 1) at Hkin = 10
7 GeV with a heating efficiency Θ. The
third column displays the values of the non-minimal coupling
ξ leading to a maximum 1% backreaction of the AD field on
the background dynamics, cf. Eq. (4.6).
with
Tkin ≡
(
30 ρkinR
pi2gkin∗
)1/4
, (2.10)
the temperature of the created particles at the onset of
kinetic domination. Numerically, this corresponds to an
energy scale [30]
Trad
1012 GeV
' αΘ3/4
(
Hkin
107GeV
)1/2
, (2.11)
with α ≡ 8.65(grad∗ )−1/4 (cf. Table I). Below this tem-
perature, the effective equation of state approaches the
radiation value w ' 1/3 and the Ricci scalar vanishes,
R = 0 . (2.12)
The subsequent background evolution of the Universe
proceeds according to the usual hot big bang picture, see
for instance Ref. [30]. During the first stages of radiation
domination the scalar field φ freezes to a constant field
value, which translates into a substantial decrease of its
kinetic energy density and the resurgence of its potential
counterpart. Once the energy density of the scalar field
re-approaches the decreasing energy density of the radi-
ation fluid, the evolution of the system settles down to a
scaling solution in which the scalar energy density tracks
the dominant energy component.4 An exit mechanism
from this tracking regime, leading to a dark energy dom-
inated era, can be easily implemented in several beyond
the Standard Model extensions [48, 49].
III. NON-MINIMALLY COUPLED
AFFLECK-DINE FIELD
In order to study the interplay between baryogenesis
and quintessential inflation we must specify the couplings
4 For a summary of the possible scaling solutions in generalized
scalar-tensor theories, see for instance [47].
4between the cosmon field φ and the field(s) associated to
some relevant global symmetry, such as the baryon num-
ber (B) or the baryon number minus the lepton number
(B − L). Several scenarios involving explicit couplings
among these species has been proposed in the literature
[50–52] (see also Ref. [13]). In this work we take an alter-
native approach and construct an AD baryogenesis sce-
nario involving only (indirect) gravitational interactions
between the cosmon and the AD field. More precisely,
we assume the existence of a subdominant U(1)B−L field
χ with Lagrangian density
Lχ√−g = −∂µχ
†∂µχ− V (χ†χ,R) , (3.1)
on top of the cosmon Lagrangian density (2.1). The ef-
fective potential for this field takes the form
V (χ†χ,R) =
(
A+m2χ
)
χ†χ+ ∆V , (3.2)
with m2χ a bare mass parameter and ∆V some set of
B − L symmetric higher-order terms that will play no
essential role in our discussion. The A term in Eq. (3.2)
accounts for a non-minimal coupling of the AD field to
gravity
A ≡ ξR = 3ξ(1− 3w)H2 , (3.3)
with ξ ≥ 0 and w the background equation-of-state pa-
rameter. This choice of coupling is motivated by quan-
tum field theory computations in curved spacetime [53].
The sign of A depends on the the dominant energy
component of the Universe. For w < 1/3 (A > 0), we
have A + m2χ > 0 and the minimum of the potential
(3.2) is located at the origin, |χmin| = 0. For w > 1/3
(A < 0) and A+m2χ < 0, the minimum of the potential
is located at a non-zero expectation value, |χmin| 6= 0.
The precise value of |χmin| depends on the particular set
of higher order terms in Eq. (3.2). For a simple choice
∆V = λ|χ|n/Λn−4 with λ > 0, n ≥ 4 and cutoff scale Λ
we have
|χmin| '
[
2|A+m2χ|Λn−4
nλ
] 1
n−2
. (3.4)
The global U(1)B−L symmetry in Eq. (3.1) is associated
with a conserved charge density
nB−L = J0 ≡ −iq(χ†
↔
∂0χ) = q%
2θ˙ , (3.5)
where q is the B − L charge and we have made use of a
polar representation χ = 1√
2
% eiθ. Equation (3.5) can be
interpreted as the angular momentum of the Affleck-Dine
field. Taking the derivative of this equation and using the
equation of motion for θ,
θ¨ + (3H + 2 ∂t ln %˙) θ˙ = 0 , (3.6)
we can derive the conservation equation
1
a3
d
dt
(
a3nB−L
)
= 0 . (3.7)
In order to generate the baryon asymmetry (1.1) this
conservation law must be violated. To this end one has
to introduce explicit symmetry-breaking terms on top of
the AD potential (3.2). Let us assume for concreteness
that these operators take a polynomial form of order n.
Making use of the polar representation of the Affleck-
Dine field, these terms can be generically written as
δV = −0 Λ4−n%nF (θ, θ0) , (3.8)
with 0 and θ0 the modulus and phase of a complex
symmetry-breaking parameter  ≡ 0eiθ0 , Λ a given cut-
off scale and n ≥ 4. For consistency, we assume 0 to
be small. Note that this condition is technically natu-
ral [54]. The correction (3.8) translates into an effective
potential term for θ in Eq. (3.6),
θ¨ + (3H + 2 ∂t ln %) θ˙ = 0 Λ
4−n %nF ′(θ, θ0) , (3.9)
with the prime denoting derivative with respect to θ. As
before, Eq. (3.9) can be alternatively written in terms of
the B − L charge density (3.5),
1
a3
d
dt
(
a3nB−L
)
= q 0 Λ
4−n%nF ′(θ, θ0) . (3.10)
This simple differential equation can be formally inte-
grated to obtain the baryon number at a given cosmic
time,
a(t)3nB−L(t) = q 0 Λ4−n
∫ t
dt a3(t) %nF ′(θ, θ0) .
(3.11)
As expected, the generation of a B − L asymmetry is
related to the explicit symmetry-breaking parameter 0
and approaches zero in the 0 → 0 limit.
IV. QUINTESSENTIAL BARYOGENESIS
Let us consider the evolution of the non-minimally cou-
pled AD field during the cosmological history presented
in Section II. A sketchy illustration of the following dis-
cussion is presented in Fig. 1.
During the inflationary stage (w = −1), the A term in
Eq. (3.2) is positive definite and the AD field is confined
to the origin of its effective potential. In the absence
of spontaneous symmetry breaking the two real modes
in this complex field are massive. Note that this differs
from the usual Affleck-Dine scenario in which the sym-
metry of the potential is spontaneously broken during
inflation. In that case, one of the two components of the
Affleck-Dine field becomes a massless Goldstone boson
and experiences Brownian motion during inflation, lead-
ing to the generation of isocurvature fluctuations and to
restrictions on the energy scale of inflation [17]. This
limitation is absent in our scenario. In order to avoid
the generation of large isocurvature fluctuations we must
simply require the effective mass of the AD field to exceed
5the Hubble rate during inflation. Taking into account Eq.
(3.3), this translates into a condition
ξ & 1√
12
, (4.1)
in the m2χ  Ainf limit, with Ainf the approximately con-
stant value of A during inflation. Under this condition,
the B −L charge density (3.11) is either initially zero or
rapidly approaches zero due to the exponential expansion
of the Universe.
At the onset of the post-inflationary kinetic-dominated
era (w = 1), the effective mass parameter A changes
sign. If this tachyonic mass term exceeds the bare mass
m2χ, the potential (3.2) develops a hill around % = 0 and
the AD field starts evolving towards large field values.
The instantaneous expectation value of the % field can be
estimated by considering its evolution equation during
kinetic domination. Disregarding the bare mass m2χ and
the higher-dimensional operators in Eq. (3.2) we get
%¨+ 3H%˙+ ξR% = 0 → %¨+ 1
t
%˙− 2ξ
3t2
% = 0 , (4.2)
where we have made use of Eq. (2.4) with H = 1/(3t).
This differential equation admits an exact analytical so-
lution containing a growing and a decaying mode. Taking
into account the typical fluctuations of the AD field at
the onset on kinetic domination, %kin =
√
6ξHkin/(2pi)
and %˙kin = Hkin%kin [55], and neglecting the decaying
mode, we obtain
%(a) ' Hkin
4pi
(
1 +
√
6ξ
)( a
akin
)√6ξ
. (4.3)
The growth of the AD field will continue till the moment
in which the field finds the minimum generated by the
higher order terms ∆V in Eq. (3.2) or till the onset of the
radiation dominated era, where the Hubble-induced mass
term in Eq. (3.2) disappears and the symmetry of the AD
potential is restored. In what follows we will focus on the
second scenario. In this case, the maximum excursion of
the AD field is determined by Eq. (4.3). Taking into
account Eq. (2.7) we can write the value of the AD field
at the onset of radiation domination as
%rad =
Hkin
4pi
(
1 +
√
6ξ
)
Θ−
√
6ξ/2 . (4.4)
In order to ensure a small backreaction effect on the back-
ground evolution we require the non-minimal coupling
correction to the Planck mass and the energy density of
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FIG. 1. Schematic behaviour of the Affleck-Dine potential
during the different cosmological epochs in quintessential in-
flationary scenarios. The horizontal lines in the figure stand
for the zero values of the corresponding quantity.
the AD field to stay small, namely5
ξ%2rad M2P , ρrad%  ρradR , (4.5)
with ρrad% and ρ
rad
R the energy densities of the % field and
the radiation component at that time. These two condi-
tions translate into a consistency relation involving the
non-minimal coupling ξ and the heating efficiency Θ,
Θ
√
6ξ/2
√
ξ +
√
6ξ
 3× 10−13
(
Hkin
107 GeV
)
, (4.6)
which can be easily satisfied for moderate ξ values and
not too small heating efficiencies. Typical values of ξ and
Θ leading to a maximum 1% backreaction of the AD field
on the background dynamics are shown in Table I.
If the curvature of the AD potential at symmetry
restoration is sufficiently large as compared to the Hub-
ble rate at that epoch (mχ ∼ Hrad), the AD field will
immediately start oscillating around the origin of its ef-
fective potential. In this case, we can derive a consistency
relation among the bare mass parameter mχ, the heating
efficiency Θ and the Hubble rate at the onset of kinetic
domination Hkin,
mχ
10 GeV
∼
(
Θ
10−4
)3/2(
Hkin
107 GeV
)
. (4.7)
5 In this approximation, there is no practical difference between
analyzing the problem in the non-minimally coupled frame (3.1)
or in the Einstein frame in which the gravitational part of the
action takes the usual Einstein-Hilbert. Indeed, by performing a
conformal transformation gµν → Ω−2gµν with conformal factor
Ω2 = M2P (1 − ξρ2/(M2P )) one obtains an Einstein-frame action
coinciding with the original one, up to a set of highly suppressed
higher-dimensional operators.
6If, on the contrary, the curvature of the AD potential
at symmetry restoration is not sufficiently large (mχ <
Hrad), the AD field will stay frozen at its restoration
value (4.4) for
∆N =
1
2
ln
(
Hrad
mχ
)
=
1
2
ln
(
Θ3/2Hkin
mχ
)
(4.8)
e-folds and will start oscillating afterwards. In this case,
the consistency relation (4.7) is lost.
The rotation of the AD field χ in the complex plane
with a large amplitude %rad translates into the generation
of a non-zero B−L charge density via Eq. (3.10). In order
for the mechanism to be efficient, the right-hand side of
Eqs. (3.9) and (3.10) must be active when the AD field
starts oscillating. If the effective mass of the θ field,
mθ ∼
√
|∆V ′′|
%2
, (4.9)
is smaller than the Hubble rate at that time (mθ < Hosc),
the phase will not evolve when the amplitude of % is still
large enough to generate a significant B − L asymme-
try. We are left therefore with a scenario in which mθ is
commensurable to Hosc, namely
Hosc . mθ ∼
(
0 Λ
4−n%n−2rad
)1/2
, (4.10)
with
Hosc =
{
Θ3/2Hkin if mχ ∼ Hrad ,
mχ if mχ < Hrad ,
(4.11)
This condition translates into a fine-tuning of the dimen-
sionless coupling 0.
The temporal scale for B−L generation is of the order
the inverse Hubble parameter at the onset of oscillations,
H−1osc . Soon after this time the amplitude of % drops down
due to the expansion of the Universe and the explicit
B−L symmetry-breaking terms in Eqs. (3.9) and (3.10)
become irrelevant, ensuring the conservation of the cre-
ated charge density. The short duration of the B − L
generation process allows us to obtain an analytic solu-
tion for Eq. (3.10). Approximating n˙B−L ≈ HoscnB−L
[56, 57], we get
a3nB−L
a3osc
' q 0 Λ
4−n%nrad
4Hosc
F ′(θrad, θ0) . (4.12)
This quantity should be understood as a local value of
the B − L number density within a given causal patch.
Whether a global asymmetry is generated or not depends
on the precise form of the explicit symmetry-breaking
operators. One of the simplest possibilities would be to
consider a Z4 symmetric term
δV =
1
2
(
∗χ†
4
+ χ4
)
. (4.13)
For this type of operator we have F ′(θ, θ0) = sin(4θ+θ0)
and the vacuum manifold does not select a preferred
value for θ prior to symmetry restoration. This con-
clusion is unchanged if one replaces the Z4 symme-
try by a Zn symmetry or if one takes into account
loop corrections. The discrete Zn symmetry forbids
the generation of non Zn-symmetric operators, such as
(χ†χn−1 +χχ†n−1). Only Zn-symmetric higher-order op-
erators such as λ2(χ†2n + χ2n)/(M2P + 2ξχ
†χ)2 can be
generated by loop effects [58]. In this case, even if an
asymmetry can be locally generated, one should expect
an almost zero global asymmetry and therefore no suc-
cessful baryogenesis.6 We emphasize that this is not a
particular limitation of our scenario, but rather a generic
feature of any post-inflationary Affleck–Dine mechanism
involving a spontaneous symmetry-breaking potential, as
that considered for instance in Refs. [19, 20].
In order to generate a non-vanishing global asymme-
try one could consider, for instance, non Zn-symmetric
operators with odd n leading to a preferred value for
the θ field. Since nB−L ∝ θ˙ (cf. Eq. (3.5)), it is also
necessary that the number of clockwise configurations
when all causal patches are taken into account exceeds
the number of anticlockwise configurations (or the other
way around). For this to happen, the ground state of
the system prior to symmetry restoration should be ap-
proached in an asymmetric way. This can be achieved by
a combination of non Zn-symmetric operators with com-
plex coefficients n. If the mass of the θ field slightly
exceeds the Hubble rate before symmetry restoration,
the AD field will explore the instantaneous minima asso-
ciated to the dominant symmetry-breaking operator at
a given %. If the complex coefficients n are different,
the instantaneous minima in the θ direction will not be
perfectly aligned for all values of %. In that case, the
dynamics of the phase will be dominated by a classical
driving force. This will generate a non-zero “bulk” ve-
locity for the θ field on top of its stochastic motion, such
that when the symmetry is restored the number of clock-
and anticlock-wise configurations will be generically dif-
ferent and a non-vanishing global asymmetry can be gen-
erated. Determining the precise phase dynamics would
require the specification of the particular set of non Zn-
symmetric operators and probably the use of numerical
simulations. We postpone this detailed analysis to a fu-
ture work and provide here just an order of magnitude
estimate for the global B − L asymmetry. To this end,
we will assume a generic value F ′(θrad, θ0) ∼ f , with f
representing the level of asymmetry in the phase distribu-
tion prior to symmetry restoration. Under this assump-
tion Eq. (4.12) can be understood as an equation for the
6 Note, however, that this case can give rise to an interesting phe-
nomenology involving the generation of a cosmic string network
and the associated production of gravitational waves [59]. When
heating takes place, the AD field starts oscillating around the
origin and topological defects are expected to disappear.
7global B − L asymmetry. Assuming mθ ∼ O(Hosc), we
obtain the estimate
nB−L ' f q H
3
osc
4β0
(
Λ
Hosc
)γ (aosc
a
)3
, (4.14)
with Hosc given by Eq. (4.11), β ≡ 2/(n − 2) and γ ≡
(n − 4)β. Dividing the B − L charge density (4.14) by
the entropy density of the radiation component.
s =
4ρR
3TR
=
4M2PH
2
rad
Trad
(arad
a
)3
, (4.15)
we can define the dimensionless ratio
YB−L ≡ nB−L
s
. (4.16)
Note that since both nB−L and s decrease as a−3 as the
universe expands, YB−L takes a constant value as long
as no further entropy production takes place. At this
point we can consider two scenarios, associated to the
two cases in Eq. (4.11). If the bare mass of the AD field
is commensurable with the Hubble rate at the onset of
radiation domination, mχ ∼ Hrad, we have aosc ' arad
and Hosc ' Hrad. In this case the dimensionless ratio
YB−L can be written as
YB−L ' 1
10
f q
g
1/4
∗ 
β
0
(
Hrad
MP
) 3
2
(
Λ
Hrad
)γ
. (4.17)
If instead the mass of the AD field is smaller than the
Hubble rate at the onset of radiation domination, mχ <
Hrad, the dimensionless ratio YB−L becomes
YB−L ' 1
10
f q
g
1/4
∗ 
β
0
(
Hrad
MP
) 3
2
(
Λ
mχ
)γ (
mχ
Hrad
)3/2
,
(4.18)
where we have made use of Eq. (4.8). In both cases, a
small ratio YB−L ∼ 10−10 can be easily obtained for a
sensible choice of parameters. For instance, for the lowest
order n = 4 in Eq. (4.17) we can choose
YB−L
10−10
' f q
g
1/4
∗
(
10−17
0
)(
Hrad
10 GeV
) 3
2
, (4.19)
with
Hrad
10 GeV
=
(
Θ
10−4
) 3
2 Hkin
107 GeV
. (4.20)
Taking into account these prototypical values we can es-
timate the displacement %rad and the non-minimal cou-
pling needed to achieve it before symmetry restoration.
Using Eqs. (4.4) and (4.10) we obtain a sub-Planckian
field value %rad ∼ 10−9MP and a non-minimal coupling
ξ ∼ O(1), in good agreement with the consistency rela-
tions (4.1) and (4.6).
In order to generate a baryonic asymmetry, the created
B − L asymmetry must be first transferred to the left-
handed Standard Model particles. The generation of this
primordial leptonic asymmetry can take place through a
variety of processes that depend on the particular em-
bedding of the AD field on beyond the Standard Model
scenarios. A potential transferring mechanism involving
the neutrino portal operator [60, 61] was identified in
Ref. [19]. Once the leptonic asymmetry is produced, the
sphaleron effects operating above the electroweak scale
will reprocess and convert it into a non-zero baryonic
number [62–64].
V. CONCLUSIONS
Quintessential inflation is a rather minimalistic
paradigm involving a single degree of freedom, the cos-
mon, for explaining both the inflationary epoch and the
dark energy dominated era. In this work, we have put
forward a novel way of generating the baryon asymme-
try of the Universe in this type of models. Contrary to
other proposals in the literature, our mechanism does not
make use of any direct coupling among the cosmon and
the field(s) carrying baryon-lepton number. In the spirit
of the original Affleck-Dine mechanism, we only consider
indirect couplings among these species. In particular, we
assumed the existence of a subdominant non-minimally
coupled scalar field with a weakly broken U(1)B−L sym-
metry. This Affleck-Dine field couples then to the Ricci
scalar evolution determined by the dominant cosmon en-
ergy density but not to the field itself. The non-minimal
coupling to gravity gives rise to a natural realization of
Affleck-Dine baryogenesis which displays, however, some
important differences with the standard scenario. On the
one hand, it renders heavy the Affleck-Dine field during
inflation and prevents the generation of large isocurva-
ture perturbations. On the other hand, the displacement
of the Affleck-Dine field takes place only after the end
of inflation, where the change of sign of the Ricci scalar
leads to spontaneous symmetry breaking and the conse-
quent evolution of the Affleck-Dine field towards non-zero
values. The evanescence of the non-minimal coupling at
the heating stage gives rise to symmetry restoration and
the subsequent oscillation of the Affleck-Dine field around
the origin of its effective potential. This generates a net
B−L asymmetry, which can be eventually converted into
a baryon asymmetry via standard mechanisms.
We emphasize that the framework presented in this pa-
per is not restricted to canonically normalized inflation-
ary models with runaway potentials, but applies to any
cosmological scenario involving a post-inflationary era
with a stiff equation-of-state parameter 1/3 < w ≤ 1, ir-
respective of its origin. Particular realizations of our idea
can take place, for instance, in quantum gravity inspired
models [26, 30, 35], α-attractor frameworks [29, 36–38]
or braneworld scenarios [65, 66].
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